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Abstract The sources of groundwater pollution
in Turkey are identified, and pathways of con-
taminants to groundwater are first described.
Then, the effects of groundwater quality on health
in Turkey are evaluated. In general, sources of
groundwater contamination fall into two main
categories: natural and anthropogenic sources.
Important sources of natural groundwater pol-
lution in Turkey include geological formations,
seawater intrusion, and geothermal fluid(s). The
major sources of anthropogenic groundwater
contamination are agricultural activities, mining
waste, industrial waste, on-site septic tank sys-
tems, and pollution from imperfect well construc-
tions. The analysis results revealed that natural
contamination due to salt and gypsum are mostly
found in Central and Mediterranean regions
and arsenic in Aegean region. Geothermal fluids
which contain fluoride poses a danger for skele-
ton, dental, and bone problems, especially in the
areas of Denizli, Isparta, and Aydın. Discharges
from surface water bodies contaminate groundwa-
ter by infiltration. Evidence of such contamination
is found in Upper Kızılırmak basin, Gediz basin,
and Büyük Melen river basin and some drinking
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water reservoirs in I˙stanbul. Additionally, sea-
water intrusion causes groundwater quality prob-
lems in coastal regions, especially in the Aegean
coast. Industrial wastes are also polluting sur-
face and groundwater in industrialized regions of
Turkey. Deterioration of water quality as a result
of fertilizers and pesticides is another major prob-
lem especially in the regions of Mediterranean,
Aegean, Central Anatolia, and Marmara. Aban-
doned mercury mines in the western regions of
Turkey, especially in Çanakkale, I˙zmir, Mug˘la,
Kütahya, and Balıkesir, cause serious ground-
water quality problems.
Keywords Groundwater · Pollution · Waste ·
Health · Turkey
Introduction
Water is the basis of life on this planet and the
foundation of civilization. Human beings obtain
their water supplies from streams, lakes, surface
water, and groundwater. Throughout history, the
development and management of water resources,
together with policies regarding their use, have
evolved in a variety of ways. In Turkey, for exam-
ple, irrigation projects were constructed thou-
sands of years ago to grow food and fiber. The
region between the Tigris and Euphrates rivers
was known as the Fertile Crescent in large part
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because of the abundance provided by ancient
irrigation projects (Cech 2003).
Even though being essential for life, water also
remains the most important factor of illness and
infant mortality in many developing countries
and even in industrialized countries, where the
number of cases of infectious intestinal diseases
continues to increase (Jones and Watkins 1985).
Due to recent rapid technological developments
and population increase, water resources such as
groundwater are in danger of severe pollution in
the world, including Turkey.
Groundwater contamination can be classified
as having either natural or anthropogenic sources.
Natural groundwater contamination is mainly due
to geological formation with shallow groundwa-
ter mass (water–rock interaction in cold waters),
infiltration from low-quality surface water bod-
ies (streams, rivers, lakes), seawater intrusion, or
due to the effect of geothermal fluids (water–
rock interaction in hot waters). Anthropogenic
groundwater contamination is generally ascribed
to extreme use of agricultural pesticides and
fertilizers, mining wastes, disposal of industrial
wastes, waste disposal sites, and imperfect well
construction.
Turkey which is located at the crossroads
of Europe and Asia and extends over the
Dardanelles and Bosphorus straits allowing a nat-
ural connection between the Mediterranean and
the Black Sea covers a total area of 779,452 km2,
of which 14,300 km2 is occupied by water (Fig. 1).
According to the Turkish General Directorate
of State Hydraulic Works (DSI˙), the total water
potential of Turkey totals 234 billion m3, and its
gross potential of water available per capita per
year, as of 2010, is about 1,600 m3. The annual
surface water potential is about 193 billion m3.
In addition to its surface water resources, the
groundwater potential of Turkey has been a focus
of numerous studies since 1956. It is estimated that
Turkey’s total annual groundwater resource is ap-
proximately 14 billion m3. The total usable an-
nual surface and groundwater potential of Turkey
is 112 billion m3 (DSI˙ 2010). Due to its rapid
industrialization and urbanization, it is recorded
that domestic, hospital, and industrial wastes have
become a threat to groundwater in most parts
of Turkey (Aslan and Akkaya 2001; Afs¸in 1997;
Baba and Ayyıldız 2006; Baba and Ármannsson
2006; Ekmekçi 2005; Ekmekçi and Günay 1997;
Elhatip 1997; Gemici 2008; Karagüzel et al. 1999;
Fig. 1 The map of Turkey
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Kaçarog˘lu 1999; Kalavrouziotis and Alaton 2008;
Tayfur et al. 2008; Yazıcıgil et al. 2009).
Important sources of natural groundwater pol-
lution in Turkey include geogenic factors, seawa-
ter intrusion, and geothermal fluids. The major
sources of anthropogenic groundwater contami-
nation in Turkey are agricultural activities, min-
ing activity, industrial waste, and on-site septic
tank systems. This study examines all the possible
pollution sources of groundwater and its adverse
health effects in Turkey.
Natural groundwater contamination
Geogenic factors
Groundwater quality can be altered by geological
formations. This type of quality change is known
as water–rock interaction (Hem 1985). Water–
rock interactions in cold waters exist in shallow
depths of groundwater and geological formations.
For instance, leaching heavy metals from ore de-
posits, hardness from carbonate rocks such as
dolomite and limestone, and heavy metal inputs
such as boron, fluorine, and arsenic via rising
geothermal fluids are some examples of natural
groundwater contamination in Turkey owing to its
complex geology and being one of the most active
regions in the world.
The repeated opening and closing of the
Paleozoic and Mesozoic oceans have domi-
nated the geological and tectonic evolution of
Turkey (Dewey and S¸engör 1979; Jackson and
Mc Kenzie 1984). The continental collision be-
tween the African and Eurasian plates results
in complex deformation of the Mediterranean
Earthquake Belt in which Turkey is located
(Bozkurt 2001). The border of these major
plates constitutes seismic belts which are marked
by young active faults and volcanism (Fig. 2).
Because of the neotectonic structure and vol-
canism(s), various altered rock types affect the
water source quality. Based on the tectonic char-
acteristics and the geological structure, many parts
of Turkey are likely to have arsenic containing
geological formations within which groundwater
is also likely to contain high arsenic levels. As a
result of that, deterioration of groundwater qual-
ity has been a popular issue in public milieu.
Recently, arsenic pollution has become an impor-
tant topic in the agenda of Turkey. Particularly,
Fig. 2 Simplified tectonic map of Turkey with major neotectonic structures and provinces (modified from Yig˘itbas
et al. 2004)
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high arsenic levels have been detected in the
drinking water supply systems of large metropoli-
tan areas. Groundwater sources in the provinces
of Aksaray, Afyon, I˙zmir, Manisa, Nevs¸ehir,
Kırklareli, Kütahya, Balıkesir, and Van (Fig. 1)
have a high concentration of arsenic whose enrich-
ment in groundwater is of global concern. High
As concentrations are found in groundwater for
various reasons: discharge of thermal water, leach-
ing of As from tertiary volcano-clastic sediments,
and release of sorbed As where redox conditions
in groundwater are reduced (Gemici 2004; Gemici
and Tarcan 2007; Yilmaz et al. 2009). Many kinds
of alteration exist in western part of Turkey where
intense zones of silicified, propylitic, and argillic
alteration can be observed (Baba and Gündüz
2009; Gündüz et al. 2010; Baba 2010). Weather-
ing and dissolution of arsenic minerals, water–
rock interactions, and geothermal processes cause
groundwaters to be enriched in arsenic.
The concentration of arsenic in groundwater in
I˙zmir, Afyon, and Van has increased from 32 to 59
and from 41 to 44 and 38 to 40 ppb, respectively
(Radikal newspaper, 2008). For example, 40% of
the city of I˙zmir’s water comes from the Göksu
and Sarıkız (Manisa) drill holes. The concentra-
tion of arsenic in these drill holes exceeds the
drinking water limits (10 ppb) and signs carcino-
genic risks (Kavcar et al. 2009). All this contam-
ination is related to geological formation. Also,
arsenic is one of the major pollutants in Bigadiç
(Fig. 1) and showed high spatial variation rang-
ing from 33 to 911 μg/L in groundwater samples.
Arsenic values increased close to the Simav and
Günevi mines (located near Bigadiç), reaching
305 μg/L, and decreased to the south of Bigadiç
area (Gemici et al. 2008) and also in the Simav
plain, reaching 561 μg/L (Gündüz 2009; Gündüz
et al. 2009).
The higher elevation grounds of I˙zmir
(Bornova, Yamanlar, and Çig˘li regions located
in the northern part of the city) are formed by
volcanic rocks. Yamanlar and Çig˘li volcanic rocks
contain mineralized zones. Due to precipitation,
especially during the spring and autumn, heavy
metals are released into groundwater (Baba et al.
2001; Baba and Ayyıldız 2006).
Fluoride is another important issue on ground-
water quality in Turkey. This is because there are
widespread fluoride deposits in Turkey, high solu-
bility of the element (water–rock interaction), and
medical concern on the basis of excess fluoride
intake. Analyses of 13 surface and groundwater
samples from Güllü Village in the province of
Us¸ak showed fluoride concentrations between 0.7
and 2 ppm (average 1.35, median 1.60; Oruc and
Vicil 2001). Examining of drinking water sources
around the villages of Beylikova–Kızılcaören
(Eskis¸ehir), Uslu (1982) and Fidanci et al. (1994)
found fluoride concentrations around 3.9–4.8 and
2.0–9.2 ppm, respectively. Beylikova–Kızılcaören
is well-known in Turkey for fluoride production.
Kaman–Bayındır (Kırs¸ehir) is another famous
region for fluoride formation, and groundwater
in the region contains approximately 2.6 ppm
of fluoride (Fidanci 1997). Fluoride contamina-
tion in groundwater has also been observed in
the Dog˘ubeyazıt (Ag˘rı), Muradiye (Van), and
Habiller (Edirne) regions (Sendil and Baysu 1973;
Oruc 1977; Uslu 1982; Baba and Ayyıldız 2006).
Formations which contain salt, gypsum, and
anhydrite result in salt and sulfate pollution ex-
ceeding irrigation and drinking water limits in
Turkey. Some parts of the I˙skenderun (Uluçınar
and Arsuz plains, the central part of the Asi Basin)
and areas around Sivas and Çorum are at risk
(Fig. 1). The solubility of gypsum is very high
when compared to many other minerals (Tayfur
et al. 1995). Surface water and groundwater con-
tacting gypsum formations can easily attain sig-
nificant total dissolved solids (TDS), calcium, and
sulfate contaminations. This will prevent their us-
age for drinking, domestic, industrial, and irri-
gation purposes. Gypsum formations containing
halite interlayer crop out in a large area of the
Upper Kızılırmak Basin, Sivas. Kaçarog˘lu et al.
(2001) studied the effects of the lithological com-
position of the catchments area on the water
chemistry and quality in the Upper Kızılırmak
Basin. Surface waters draining gypsiferous ar-
eas and the springs of Goydun and Seyfe create
high TDS concentrations in the River Kızılırmak
(EC = 1,100–5,200 μS cm−1). The Goydun and
Seyfe springs, which originates from gypsum rich
deposits, have very high TDS values (EC =
12,825–13,900 μS cm−1). Surface and groundwater
resources in non-gypsiferous parts of the Upper
Kızılırmak Basin, specifically in the River Yıldız,
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and the Kaynarca and Gaziköy springs in the
Tavra Valley have lower TDS. The EC of these
waters ranges between 495 and 630, 795 and 995,
530 and 575 μS cm−1, respectively. The water of
the Goydun and Seyfe springs and the Kızılırmak
River alluvium are not suitable for drinking, irri-
gation, or industrial purposes. The TDS, hardness,
sulfate, and chloride concentrations of these wa-
ters exceed maximum permissible Turkish Drink-
ing Water Standards. Their very high salinity and
sodium hazard also prevents their use for irriga-
tion (Kaçarog˘lu et al. 2001; Baba and Ayyıldız
2006). Another example is given by Çelik and
Yıldırım (2006) who investigated groundwater
pollution from the Çavus¸çayı basin, Sungurlu-
Çorum. Çelik and Yıldırım (2006) reported that
groundwater is mostly affected by salty (Na+ Cl−)
waters of the Incik Formation which is used for
salt production and brackish (Ca2+, Mg2+ SO 2−4 )
waters of the Bayındır Formation.
Quality of surface water
Due to wells drilled in the Lakes Region in
Turkey, salty and acidic lake waters have pen-
etrated into the local aquifers (Burak et al.
1997). Studies carried out between 1997 and 1998
showed that the groundwater of the Eskis¸ehir
plain, especially around the city center, does not
meet drinking water quality standards. In this re-
gion, reasons for the groundwater contamination
vary, but the most important one is the mixing of
the Porsuk Stream and irrigation channel waters
with the groundwater (Özçelik and Sarız 2001).
Another example is given by Karamenderesi
and Helvaci (2001) who investigated groundwa-
ter pollution from the Büyük Menderes River.
Karamenderesi and Helvaci (2001) reported that
uncontrolled excessive abstraction of groundwa-
ter caused polluted surface water from the Büyük
Menderes to infiltrate into the aquifer around the
river. They also indicated that water contamina-
tion in the Büyük Menderes River affected the
ecology of the local geothermal systems (Baba
and Ayyıldız 2006).
The River Büyükmelen exceeds the limit values
permitted by the World Health Organization and
Turkish standards. Since water from the River
Büyükmelen is considered to be used as drinking
water, it will have an adverse effect on drink-
ing water quality and consequently on health,
if not treated in advance. The existence of Mn
and Zn in the Elmalı drinking water reservoir of
I˙stanbul and Fe in the River Büyükmelen wa-
ter indicates natural inorganic contamination. Mn,
Zn, and Fe contents in the water are of geo-
logical origin (Pehlivan and Yılmaz 2005). The
average surface water quality around I˙stanbul is
classified as slightly polluted in Darlık, Terkos,
Büyükçekmece, and Alibeyköy and highly pol-
luted in Elmalı reservoir. Poor water quality
in the reservoirs is attributed to urban settle-
ment, industry, and farms in the catchment areas
(Selçuk et al. 2004).
Saltwater intrusion
The two major types of groundwater reservoirs
in Turkey are alluvial plain aquifers and highly
karstified carbonate rocks aquifers. The alluvial
aquifers that exit along the coastal area are usu-
ally of low yield and threatened by saline water
intrusion (Yazıcıgil and Ekmekci 2003). Ground-
water can be polluted by seawater intrusion due to
excessive abstraction of groundwater from coastal
wells. In coastal plains such as Çes¸me (I˙zmir),
Bodrum (Mug˘la), Gökçeada (Çanakkale), Mar-
maris (Mug˘la), Çanakkale, Erzin (Hatay), Kazanlı
(Mersin), and Turgutreis (Mug˘la), groundwater
has been either completely or partially affected
by seawater (Baba and Deniz 2004; Baba and
Yig˘itbas 2007; Burak et al. 1997; Gemici and Filiz
2001; Gürçay 2004; Demirel 2004; Emekli et al.
1996). Around the Çes¸me peninsula (I˙zmir) and
Bodrum peninsula (Mug˘la), during summer when
groundwater abstraction is high, water levels de-
crease below sea level. As a result, seawater easily
penetrates into the landwards.
Karstification is one of the most important fac-
tors affecting seawater penetration into aquifers
(Fig. 3). In the central parts of the Bodrum re-
gion, Mg, Ca, and HCO3 are the dominant ions,
while in regions close to shorelines Na and Cl
are dominant. In general, the Cl concentration
in groundwater varies from 100 to 200 mg/L, but
it can be as high as 4,000 mg/L (18% seawa-
ter) when seawater intrusion is occurring (Gemici
and Filiz 2001). Therefore, groundwater obtained
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Fig. 3 Karstic map of Turkey (simplified from Eroskay and Günay 1979)
from coastal karstic aquifers is usually salty and
hard. In addition, they are not suitable for drink-
ing water. In Bodrum, due to seawater intru-
sion, saltiness was observed in groundwater (Filiz
et al. 1998). Bodrum is a coastal region and karstic
formations are commonly present, excessive
pumping of groundwater results easily in contam-
ination by seawater intrusion. Therefore, in some
parts of the region, the proportion of seawater
in pumped groundwater can be as high as 28%
(Filiz et al. 1998). Also, a study carried out in
Erdemli (Mersin) between 1999 and 2000 showed
that seawater intrusion is also present in this
region (Deg˘irmenci and Altın 2001).
In a different study, Özler (2003) studied salin-
ization of groundwater due to salt intrusion from
Lake Van (Fig. 1). Van coastal aquifer is one of
the main sources of potable, industrial, and irri-
gation water because surface water is limited due
to the semi-arid climate. Groundwater abstraction
has been in excess of replenishment owing to
increased agricultural and industrial activity and
a growing population during the last 20 years.
Özler (2003) concluded that the main processes
influencing groundwater chemistry are salt–water
intrusion, silicate mineral dissolution, cation ex-
change, and anthropogenic pollution (Baba and
Ayyıldız 2006).
Geothermal fluids
Geothermal waters occur in deep portions of
aquifer systems in Turkey. As thermal waters flow
through rocks, they dissolve and transport many
chemical elements. As a result of the dissolution,
groundwater quality decreases (Nicholson 1993).
Geothermal waters contain a high concentration
of boron, and they may also contain heavy met-
als such as arsenic, mercury, cadmium, lead, or
chromium. At high concentrations, these elements
may be fatal for human health (Baba 2004).
Several geothermal water systems are present
in Turkey (Fig. 4), and they have been used for
numerous industrial and recreational activities.
Many groundwater quality studies have been car-
ried out around the Gediz and As¸ag˘ı Menderes
Plains’ geothermal fields. In the geothermal
fields of the Afyon-Akarçay Basin, including the
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Fig. 4 Simplified main neotectonic lines and hot spring distribution of Turkey (simplified from S¸imsek 1997 and Yig˘itbas
et al. 2004)
Ömer-Gecek, the Gazlıgöl, and the Heybeli fields,
geothermal pollution of cold groundwater has
been examined. Hydrochemical analyses indicate
that the thermal waters are of Na-Cl type, whereas
the cold groundwaters are of Ca-HCO3 type.
Using Na, K, Cl, Li, B, temperature, and con-
ductivity as indicators of thermal water mixing
indicated that cold groundwater pollution is oc-
curring around geothermal fields in the Afyon–
Akarçay region (Dog˘du and Bayarı 2002; Baba
and Ayyıldız 2006).
Boron and selenium transport processes in sat-
urated and unsaturated zones involve many dy-
namics, and their high levels can cause serious
environmental problems (Tayfur et al. 2010a, b).
Generally, B concentrations are high in ther-
mal water in Turkey. This is related to volcanic
and sedimentary rocks (Fig. 4). The geothermal
fields of western Turkey provide a unique set-
ting of high temperature combined with a large
variation in chemical composition. For exam-
ple, effluents from the power plant in Denizli-
Kızıldere where B concentrations are greater than
20 mg/L are released into adjacent creeks so
endanger natural biota that are sensitive to B
(Gemici and Tarcan 2002). The thermal wastewa-
ter of the Kızıldere geothermal area contaminates
the Büyük Menderes River too. B contamina-
tion in this river is an example of surface water
contamination by geothermal fluids. The Büyük
Menderes Basin is one of the most important
basins in Turkey, and its river water is extensively
used for irrigation. The main sources of geother-
mal contaminants are fluids from the geothermal
power generation plant at Kızıldere.
Similar problems are known in other parts of
Turkey, e.g., the B concentrations in Kurs¸unlu-
Çavundur (Çankırı; 63.8 mg/L), Düzce-Derdin
(Sakarya; 50.6 mg/L), Germencik (Aydın;
69 mg/L), and Kurs¸unlu-Salihli (Manisa; 65 mg/L)
thermal fluids are extremely high (Baba and
Ármannsson 2006). Monitoring of surface water
and shallow aquifers inside and outside of the
Tuzla (Çanakkale) geothermal field during the
period August 2003 to May 2004 led to the detec-
tion of the evidence of surface water and shallow
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aquifer contamination due to geothermal fluid
(Baba et al. 2005). Tayfur et al. (2010a) modeled
boron transport in saturated and saturated zones.
Anthropogenic groundwater contamination
Agricultural activities
Fertilizers and pesticides are commonly used in
modern agriculture. This increases the risk of
groundwater contamination, especially when the
agricultural fields are exposed to hazardous chem-
icals for lengthy periods. Human activity and agri-
culture have had direct and indirect effects on
the groundwater contamination in the area of
the I˙ncesu–Dokuzpınar springs (Kayseri). Direct
effects are the dissolution and transport of the
excessive quantities of fertilizers and hydrological
modifications related to irrigation and drainage.
Indirect effects may be the changes in water–
rock reactions in soils and aquifers which are
caused by increased concentrations of dissolved
oxidants, protons, and major ions. Agricultural
activities have directly or indirectly affected the
concentrations of a large number of inorganic
chemicals in groundwater in the region, including
NO3, N2, Cl, SO4, H, K, Mg, Ca, Fe, Cu, B, Pb,
and Zn, as well as a wide variety of pesticides and
other organic compounds. The high concentra-
tions of NO3 and NaCl show that the area around
the springs has been continuously contaminated
by the untreated sewage and agricultural wastes
(Elhatip et al. 2003; Baba and Ayyıldız 2006).
In Aegean region around Urla and Menemen
(provinces of I˙zmir; Fig. 1), groundwater contami-
nation has been detected, resulting from fertilizers
and pesticides used in agricultural activities. Aslan
et al. (2001) collected water samples from 14 wells
from the region and tested for nitrate. Nitrate
pollution was observed in two wells In Menemen
(146, 53 mg/L). Nitrate pollution was observed in
six wells in Urla region (126, 127, 98, 81, 69, and
69 mg/L; Aslan et al. 2001; Baba and Ayyıldız
2006). In Nilüfer and Ayvalı basins (Bursa), S¸en
(1996) measured nitrate concentrations in 35 well
and spring locations and indicated that the con-
centrations in these regions were above World
Health Organization Standard levels (S¸en 1996).
Eryurt and Sekin (2001) drilled five wells in
Manisa region to determine the nitrate (NO3), ni-
trite (NO2), and ammonium (NH4) concentration
levels from the oxidation of organic-N which is
dissociated to NH4, NO2, and NO3, respectively.
The results indicated that nitrate concentration
in the first four wells were below pollution lim-
its while it was very high in the remaining well
(127–133 mg/L), rendering water from this well
undrinkable (Eryurt and Sekin 2001). In addi-
tion, although nitrite and nitrate in groundwater
around Manisa region were detected in all wells,
they were below the drinking water standards
(Eryurt and Sekin 2001). The main sources of
nitrite and nitrate in groundwater around Manisa
region are fertilizers used in agricultural activi-
ties. When organic fertilizers are used for agricul-
tural activities, nitrite and nitrate can be formed
and washed out from soil to groundwater due to
bacterial metabolic activities (Eryurt and Sekin
2001). Agricultural related pollution of groundwa-
ter also occurs in the Eskis¸ehir plain (Kaçarog˘lu
and Günay 1997) and between Mersin and Tarsus
(Kurt et al. 2009).
Erdog˘an and Karaca (2001) reported that pes-
ticide consumption was 9.9 kg/ha, the types of
pesticides are increased, and 102 different types
of pesticides were used in agricultural areas in the
Göksu Delta, Mersin. Additionally, the amount of
fertilizers was 7,200 tons in 2006. These pollutants
affect the surface and groundwater quality nega-
tively in this region (Demirel et al. 2011).
According to Karadavut et al. (1997), exces-
sive use of nitrate fertilizers for potato produc-
tion has caused adverse effects on groundwater in
and around the city of Nig˘de (Fig. 1). It should
be noted that phosphate fertilizers contain heavy
metals (Haktanır 1992). Similar contamination
problems have occurred around the Çukurova
(Adana) and Amik (Hatay) plains (Fig. 1).
Groundwater contamination by pesticides has
become an important environmental issue. Aydın
and Yurdun (1999) examined nine different chlo-
rinated pesticides in the water sources and tap
water of I˙stanbul, Turkey. They observed organo-
chlorine pesticides which were α- and γ -HCH and
aldrin; both are banned from use. α- and γ -HCH
contents in raw waters were in the range of 0.34–
1.7 and 0.077 ppb, respectively; 0.03 ppb aldrin
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was observed in some samples. Residue levels of
organochlorine pesticides in the drinking water
supplies in I˙stanbul were found to be significantly
under the maximum permissible levels. It was
noted that potable water treatment processes and
maintenance and backwashing of sand filters are
very effective in pesticide removal. Improper and
delayed backwashing of filters has caused an in-
crease in the pesticide residues in the distributed
water. In aging water distribution lines, high con-
centrations of some organochlorines were also
observed (Baba and Ayyıldız 2006; Aydın and
Yurdun 1999).
Özler and Aydın (2008) found that microbio-
logical and chemical values in groundwater ex-
ceed the drinking water limit in Western Thrace
region. The existence of indicator bacteria in high
amounts in microbiological analyses may indicate
that there may be other pathogen bacteria.
Industrial wastes
Locating industrial facilities on or around plains in
many Turkish regions and discharging untreated
wastewaters into aquifers has resulted in serious
pollution. Groundwater contamination has been
observed in and around the Gulf of I˙zmir within
the borders of the city of I˙zmir. This contami-
nation has arisen due to improper discharge of
groundwater and the rapid development of in-
dustry. In the Bostanlı, Kars¸ıyaka, Sahilevleri,
and Alsancak regions (I˙zmir), groundwater levels
were observed to be unusually high with soils
containing a high concentration of organic mat-
ters (Baba et al. 2001; Baba and Ayyıldız 2006).
Also, groundwater qualities have been affected by
petroleum hydrocarbon around Mersin where
petrochemical industrial activities are very in-
tense. Total of 215 wells were monitored in this
region. The result show that highly contaminated
parts of the area dissolved oxygen concentration
range between 0.48 and 2.38 mg/L and pH values
between 6.87 and 7.6. In comparison to pollution-
free parts of the aquifer, in contaminated parts,
dissolved oxygen and pH generally display lower
values (Güler et al. 2009).
Yüce (2006) studied the vulnerability of
groundwater in the Porsuk River (Eskis¸ehir)
Basin. This study showed that the NH3, oil and
grease, chemical oxygen demand, biochemical
oxygen demand, phenolic material, free chlorine,
and sulfur values of Porsuk River have increased
compared to those of previous years and become
worse with the wastewater loadings from the sugar
factory and large industrial estate.
There are many factories in Torbalı, I˙zmir,
nearly all of which had discharged their waste-
waters into Fetrek Creek up until April 2002.
The waste disposal site of the region, which is
near a farm, has not been designed properly, so
contaminants may have been infiltrating into the
groundwater (Tayfur et al. 2008; S¸ims¸ek et al.
2008).
Mining activity
Several abandoned mercury mines are located
in western Turkey, such as Alas¸ehir (Manisa)
and Türkönü (I˙zmir; Gemici 2008). Due to low
prices, low demand, and increasing environmental
concerns about mercury, the mines were gradu-
ally abandoned until the last one closed in the
early 1990s (Gemici and Oyman 2003). The acid
drainage and mine wastes create potential envi-
ronmental problems around these mines. With a
characteristic reddish yellow color, low pH value,
and high metal and toxic element content, acidic
mining lakes are known to contaminate regional
drinking water supplies and to disrupt the growth
and reproduction of surrounding aquatic life. A
number of such lakes have been formed within
the last decade in Çan (Çanakkale) coal basin
(Fig. 1). In addition, the abandoned small-to-
medium-scale open-pit coal mines in Canakkale
region were found to be responsible from the
formation of several mining lakes that were inun-
dated as a result of surface drainage as well as sub-
surface infiltration to depression areas of the open
pit. These lakes were later transformed into acidic
mining lakes due to the oxidation of pyrite found
in the coal. With very high acidity levels (pH levels
as low as 2 to 3) and high trace element contents
(with maximum aluminum and iron levels of 211
and 528 ppm), these lakes were found to influence
the quality of local water resources in the area
(Gündüz et al. 2007; Baba and Gündüz 2009).
Aykol et al. (2003) revealed that, in the Balya
region in the province of Balıkesir (Fig. 1),
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rainfall induced runoff from lead mining wastes
flows into the River Kocaçay and creates a serious
environmental pollution. Studies carried out in
the region have also indicated that groundwater
have acidic characteristics due to mining activities.
Aykol et al. (2003) also investigated the effects of
the waste rock dump (WRD) of the underground
polymetallic Balya Mine on the Kocaçay River
and Lake Manyas. They examined the geochemi-
cal characteristics of various kinds of water (mine,
surface, and groundwater) and analyzed some
suspended-particle samples. The results showed
that polluted mine waters have low pH and high
conductivity. High concentrations of Zn, Cd, and
Mn tend to be found in both the dry and wet
seasons while high concentrations of Pb, As, Cr,
Cu, and S appear only in the wet season. The
sources of the heavy metal concentration within
the River Kocaçay are from the leached waste,
surface runoff, and overflow from the spillway of
the WRD (Aykol et al. 2003).
A hydrochemical study of the area surrounding
the Hisarcık (Emet–Kütahya; Fig. 1) colemanite
mine shows extremely high arsenic contamination
in groundwater, with concentrations ranging be-
tween 0.07 and 7.754 mg L−1. This contamination
in and around the I˙g˘dekoy village of Emet was
caused by naturally occurring arsenic dissolution
from a borate bearing clay zone due to the leach-
ing of arsenic bearing minerals. The arsenic con-
centration in the groundwater varies locally from
spring to spring and is related to the mineralogical
and geochemical composition and lithofacies of
the aquifer (Çolak et al. 2003).
Borate minerals are produced in a limited num-
ber of countries dominated by the USA and
Turkey, which together furnish about 90% of the
world’s borate supplies (Helvacı 2005). Bigadiç
(Fig. 1) borate deposits are among the largest
colemanite and ulexite deposits in the world.
Borate-bearing formations have affected the con-
centrations of some contaminants in groundwater.
Groundwater quality is directly related to the bo-
rate zones in the mines as a result of water–rock
interaction processes (Yazıcıgil et al. 2009). Boron
and arsenic were the two important contami-
nants determined in the groundwater around the
Bigadiç borate mines in Turkey. Arsenic is the
major pollutant, and it ranged from 33 to 911 μg/L
in the groundwater samples. The concentrations
of B in the study area ranged from 0.05 to
391 mg/L. The highest B concentrations were de-
tected at the mine near the mining areas. The
extension of the borate zones in the aquifer is the
essential factor in the enrichment of B and As,
and some major and trace elements in ground-
water are directly related to the leaching of the
host rock, which is mainly composed of tuffs and
limestone (Gemici et al. 2008). Heavy metals such
as copper, chromium, lead, cobalt, nickel, and
zinc from mining processes in Elazıg˘ (Fig. 1) have
also been polluting the Tigris River (Çetindag˘ and
Okan 2004).
Since significant urban development is already
taking place on the geological units that contain
gold ore bodies in Turkey, studying the adverse
affects of mine processing on the environment is
extremely important. Such an area is located on
the southeastern part of I˙zmir where about 2-km-
long gold-bearing ore veins exist close to the vil-
lage of Efemçukuru. The gold-bearing formation
is highly weathered and fractured. The fractures in
the geological units control the permeability and
groundwater level in the area (Baba and Güngör
2002; Baba and Ayyıldız 2006).
Arsenic is one of the major pollutants around
Simav (Kütahya; Fig. 1). Arsenic values reach
305 μg/L in groundwater. Also, the average B
concentration is around 35 mg/L for groundwa-
ter samples (Gemici et al. 2008). These values
are greater than the safe levels for drinking and
irrigation.
Çan region (Çanakkale; Fig. 1) is rich in clay
mines and lignite deposits. The results of a study
of major anion, cation, and some trace elements
in groundwater and surface water around the Çan
region showed that groundwater is very rich in
Ca–Mg–SO4. Al concentrations are more than
the acceptable maximum standard value (Baba
et al. 2007).
Coal-burning power plants in Turkey produce
large quantities of coal-related wastes, which are
collected through the use of various systems.
When coal is burned, loss of material causes in
an increased concentration of mostly heavy metals
and radionuclides in the waste material. The waste
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disposal site near the Yatag˘an (Mug˘la) Ther-
mal Power Plant contains a major enhancement
of heavy metals and radioactivity which affects
groundwater (Baba 2002, 2003). Water leaches
through the waste hills at Yatag˘an and into karstic
marbles overlying schist adversely affect the
quality of groundwater and surface waters (Baba
et al. 2003).
In 1997, due to the improper wet disposal site
in the Seyitömer power plant in Kütahya, ash
flow occurred over agricultural fields. Güleç et al.
(2001) reported that Cr and Co released from the
Seyitömer Power Plant were very high exceed-
ing regulatory standards for drinking water and
irrigation. Ug˘urlu (2004) examined the leaching
behavior of fly ashes currently disposed in the
Kemerköy Power Plant (Mug˘la) fly-ash-holding
pond (Fig. 1). The Ca and Mn concentrations
decrease while Na and K concentrations increase
with increasing temperature. The results showed
that the most important effects of fly ash leaching
were pH, Na, Ca, K, Fe, Mg, Mn, and Pb. In partic-
ular, use of low quality coal with high ash content
results in huge quantities of fly ash deposition.
Ug˘urlu (2004) indicated that the main problem
related to fly ash disposal was the residue heavy
metal content. Numerous experimental studies
show that toxic trace metals can be leached from
fly ash (Georgakopoulos et al. 2002; Baba and
Kaya 2004; Baba and Ayyıldız 2006; Burcu et al.
1997; Campbell et al. 1978; Davison et al. 1974;
Gehrs et al. 1979; Hulett et al. 1980; Hansen and
Fisher 1980; Klein et al. 1975).
The impact of quarries on the environment and
particularly on the groundwater system in terms of
quality and quantity has often been ignored until
the last few decades. Regardless of the amount
of quarried rock which may be quite small com-
pared to the volume of an outcrop, the result
of removing the protective cover of an aquifer
may cause severe pollution of the groundwater
(Ekmekçi 1993).
Septic tank systems
Groundwater contamination due to past surface
waste disposal operations is a serious and com-
mon problem in aquifers that are developed to
supply drinking water requirements in many coun-
tries (Mısırlı et al. 1995). In Turkey, there are
presently increasing number of many abandoned
and uncontrolled waste sites. These wastes can
eventually make their way down into the ground-
water as a result of leaching. Kaçarog˘lu and
Günay (1997) and Yüce (2007) studied the ground-
water pollution in Eskis¸ehir Plain, an urbanized
area. They reported that the groundwater in the
alluvium aquifer of the Eskisehir Plain is pol-
luted by wastewaters transported through Porsuk
River, agricultural–industrial activities, river–
groundwater interactions, and unsanitary landfill.
Porsuk River flows throughout the alluvium
aquifer in the Plain. In the period of July 1986–
August 1988, the nitrate concentrations at nine
sampling points on the River Porsuk, which is the
main watercourse in the plain, ranged from 1.5
to 63 mg/L. The nitrate concentrations measured
from 51 wells in the alluvium ranged between 2.2
and 257 mg/L in the same period. The nitrate
content in 34.2% of the groundwater samples was
above 45 mg/L, which is the according to drinking
water standards in Turkey. According to these
studies, groundwater in the Eskisehir Plain is in
a poor quality both for drinking and domestic
purposes.
Karagüzel and Irlayici (1998) revealed that
sewage water in the city canals and waste storage
are the largest polluters in the Isparta Plain. They
concluded that almost two thirds of the aquifer
in the plain was severely polluted. The ground-
water at shallow depths in the alluvium, which is
composed of gravel, sand, and clay, is expected
to be more contaminated under and around the
open waste disposal site where both household
and industrial wastes are improperly deposited.
In another study, Karagüzel et al. (1999) showed
that groundwater of an aquifer in Antalya, which
is an urbanized city (Fig. 1), was contaminated
by sewage discharge, industrial works, and other
activities.
Öztas¸ (1997) studied the groundwater conta-
mination around the Bakırkoy Basin catchments
(I˙stanbul). He concluded that groundwater in the
catchments is severely polluted due to leakage
water from domestic septic tank systems. Simi-
larly, Öztas¸ (1997) reported that groundwater is
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also seriously contaminated at the northern part
of the Küçükçekmece Lake in I˙stanbul due to
the presence of septic tank wastes (Baba and
Ayyıldız 2006).
In the Büyük Menderes Valley, the groundwa-
ter is heavily contaminated because of continuous
discharge of untreated domestic sewage waters
into the river (Karamenderesi and Helvaci 2001).
Due to rapid population rise and urbanization in
the region, water consumption is increasing. Such
excessive water consumption would probably lead
to more serious environmental problems in the
near future (Baba and Ayyıldız 2006).
At the Gölbas¸ı waste disposal site, located
around a small stream valley in Ankara, sewage
water is directly discharged into the stream. This
has led to the significant groundwater conta-
mination in the region (Canpolat et al. 1997;
Çelik et al. 2007). Furthermore, toxic elements,
released from the disposal sites, are carried to
Lake Eymir through groundwater flow. Also,
Mamak solid waste, an old waste disposal site at
Mamak, Ankara, has been effected groundwater
resources that hydrochemical facies shifts from
Na+-Cl− to Ca2+-HCO −3 (Çelik et al. 2007).
Disposing of industrial and domestic wastes
onto karstic environments can pose a particular
danger for groundwater. The ongoing develop-
ment of karst aquifers, especially in the southern
part of Turkey, demonstrates specific environ-
mental problems occurring in many karst water
supply projects (Elhatip 1997; Elhatip and Günay
1998). Karst aquifers have specific hydraulic and
hydrogeological characteristics that render them
highly vulnerable to pollution from human activ-
ities. Karst groundwater becomes polluted more
easily and quickly than water in non-karstic aqui-
fers (Kaçarog˘lu 1999). Scarcity of water, particu-
larly in towns situated along the Mediterranean
coast where the main aquifers are in karstic re-
gion, necessitates more thoroughness in exploit-
ing and protecting the groundwater resources.
Recharge areas tend to be located at higher ele-
vations and in regions remote from urbanized
areas. Dolines and ponors are commonly utilized
as injection points for wastewater, while uvalas
and poljes are used as solid waste disposal sites.
When doing this, the people are unaware of the
connection of such sites with the wells or springs
that provide water for their supply (Ekmekçi and
Günay 1997; Baba and Ayyıldız 2006).
The large Kestel polje (Antalya) is 40 km from
the springs and within the recharge area of the
system. Utilization of the Kestel polje for agricul-
ture as well as sewage disposal at sinkholes is a
source of pollution. Water samples were analyzed
for nutrients and some of the pesticides were
found among the persistent organic pollutants
(Ekmekçi 2005).
I˙znik marble and alluvium units constitute the
main aquifer system in the I˙znik region (Bursa).
Because of the I˙znik marble has highly fractural
features, the wastewater in the quarries moved
rapidly within rock. It was observed that the
groundwater level changed roughly between 5 and
17 m and that the general ground flow direction
was north. Sewage in the ancient quarries moved
quickly through the fracture zone and affected the
groundwater quality near the waste site (S¸ims¸ek
et al. 2009).
Groundwater contamination and health effects
Geological sources of arsenic within their envi-
ronmental setting and the dermatological impact
have been investigated in Emet (Kütahya) region.
A total of 153 individuals were screened from
Dulkadir and Ignekoy villages in Emet. An ap-
parent dose–response relationship between con-
sumption of arsenic contaminated drinking water
and skin disorders was observed. People from
Dulkadir where the water contained 0.3–0.5 mg
As per liter had fewer lesions than those from
Igdekoy with 8.9–9.3 mg as per liter. At Igdekoy
30.9% of individuals had arsenic-related skin dis-
orders compared to 5.35% in Dulkadir (Dogan
et al. 2005). In addition, blood and hair samples
were obtained from 30 village inhabitants who
were exposed to arsenic in groundwater. The re-
sult shows that exposure to arsenic in drinking
water causes serious DNA damage in this region
(S¸ardas¸ 2009).
Fluoride in water is mostly of geological ori-
gin. Waters with high levels of fluoride content
are mostly found in volcanic rocks and geothermal
fluid(s) in Turkey. Ingestion of excess fluoride,
most common in drinking water in different
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part of Turkey, can cause fluorosis which affects
the teeth and bones. Low amounts can lead to
dental defects, but long-term ingestion of large
amounts can lead to potentially severe skeletal
problems (Demirel 2008a). The control of drink-
ing water quality is therefore critical in pre-
venting fluorosis. According to some documents
and also the United Nations Development Pro-
gramme, fluorosis is still a (major) health prob-
lem in Turkey, which has numerous thermal
springs and youthful volcanic features. For ex-
ample, geothermal water sources in the villages
of Ortakçı and Ericek in Buharkent district of
Aydın province—involving main thermal water
locations—are cooled to the appropriate temper-
ature by mixing with fresh cold drinking water.
There is a significant dental fluorosis problem
in these areas. Also, the endemic fluorosis oc-
currences have been determined in Eskis¸ehir,
Beylikova, and Kızılcaören (Demirel 2009).
Isparta city is localized on such a volcanic
area, and Gölcuk Crater Lake is one of the
water sources of the city. Endemic dental and
skeletal fluorosis was first observed in Turkey in
Isparta about 55 years ago. The origin of fluoride
was attributed to the mineral content in volcanic
rocks (Demirel 2008a). Another geothermal lo-
cation, Denizli province–Sarayköy district, was
named as having a suspected fluorosis problem
in an international report (WHO 2006). Thirty-
five years ago, severe dental and skeletal fluorosis
was observed in human beings and livestock in
Dog˘ubeyazıt and Çaldıran areas, located around
Tendürek Volcano in eastern Turkey, where nat-
ural waters contained fluoride levels between 2.5
and 12.5 ppm (Demirel 2008b).
Alzheimer is a common illness. Generally, it is
diagnosed in people over 65 years of age (Brook-
meyer et al. 1998). A number of environmental
factors have been put forward as possible contrib-
utory causes of Alzheimer disease in some people.
Among these is aluminum. Some water sources
in Turkey contain too much aluminum. For ex-
ample, water from Kirazlı (Çanakkale) contains
aluminum levels between 13 and 16 ppm (Baba
and Deniz 2008). Many people have undergone
medical treatment in this region. It appears that
local people have been affected by water sources
coming from densely altered volcanic rocks. A to-
tal of 273 people aged above 18 years and inhabit
in this region were selected as the research group.
The result showed that neuropathy in the history
was significantly higher in Kirazli Region (Bakar
et al. 2010).
Iodine is an important trace element for human
health. It is a distinctive component of thyroid
hormones and plays an important role in growth
and development. Since the 1960s, Turkey has
been recognized as an area of iodine deficiency.
A mild to severe degree of iodine deficiency has
been detected in settlements along the west coast
of Turkey. Generally, water sources have low io-
dine content in some parts of Turkey. A total
of 76 drinking water samples from rural and ur-
ban areas in the Aegean region of Turkey were
analyzed. The mean iodine concentration was
78 ± 27 μg/L, and iodine concentration ranges
were within 69 ± 26 μg/L and 103 ± 6 μg/L (Ünak
et al. 2007).
In addition, low water quality may cause water-
borne diseases. One of the most important among
these is the investigation of the relationship be-
tween high radon content in drinking water and
lung cancer. Therefore, radon concentrations were
measured in water resources around Eskisehir
where there is higher natural radioactivity due to
regional resources. The results show that radon
content in most of water resources is higher than
the normal value according to WHO and EU
standards (Yüce et al. 2009)
Summary and conclusion
The geological sources of contamination which
mostly releases arsenic into groundwater are
mostly located around Aegean region. TDS,
calcium, and sulfate contamination due to salt
and gypsum are mostly found in Central and
Mediterranean regions.
The quality of surface waters also can conta-
minate groundwater by infiltration. Such conta-
mination resulting in high concentrations of Mn,
Fe, Zn, etc. are found in Upper Kızılırmak basin,
Gediz basin, and Büyük Melen river basin and
some drinking water reservoirs of I˙stanbul.
Seawater intrusion causes groundwater qual-
ity problems in coastal regions, especially in the
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Aegean coast. It raises the concentrations levels
of Na, Mg, Ca, and HCO3 in groundwater.
Another major problem is the contamination
due to geothermal fluids, especially from the
geothermal fields in Aegean region, releasing con-
centrations of heavy metals, especially B, fatal to
living beings in this region. It not only contami-
nates groundwater but also major rivers such as
Büyük Menderes and Gediz in this region.
Industrial wastes are also polluting surface and
groundwater in the industrialized regions such as
I˙zmit and I˙zmir bays, Torbalı region of I˙zmir,
Gediz, Kızılırmak, and Porsuk rivers. It is im-
portant to carry out toxicity tests in wastewater
discharge regulations to control this pollution.
Deterioration of water quality as a result of
fertilizers and pesticides is another major prob-
lem in Turkey, especially in the regions of
Mediterranean, Aegean, Central Anatolia, and
Marmara. Due to heavy fertilization, nitrate and
nitrite contamination is very common in this re-
gion where the levels are above the standards.
Abandoned mercury mines, lead mining,
colemanite mine, gold mining, and lignite mining,
in the regions of western Turkey, especially
in Çanakkale, I˙zmir, Mug˘la, Kütahya, and
Balıkesir, cause serious groundwater quality prob-
lems by raising concentration levels of arsenic,
boron, Ca, Mg, Al, SO4, Cu, Cr, Co Ni, Zn,
and Mn. In addition, coal burning power plants
located mostly in the Aegean region cause pollu-
tion by their disposal sites and fly ash.
Surface and groundwater around metropolitan
areas, such as I˙stanbul, Bursa, I˙zmir, Ankara,
Antalya, and Eskis¸ehir, are also contaminated by
improperly constructed municipal and industrial
waste sites. The unexpected seepage from these
sites as a result of rainfall–runoff carries with it
heavy metals, thus causing major pollution.
Young volcanic rocks and geothermal fluids
which contain fluoride pose a danger for skeleton,
dental, and bone problems, especially in the areas
of Denizli, Isparta, and Aydın. Excess levels of
Al in drinking water as a result of mining sites
cause Alzheimer disease in and around Aegean
region, especially in Çanakkale. A mild to severe
degree of iodine deficiency which is fundamental
for growth and development exists in settlements
along the west coast of Turkey.
Groundwater quality is supremely important
for people’s health. In recent years, there has been
a significant growth of interest in environmental
issues, including groundwater quality, within our
country. This brings with it an enormous social
responsibility to sustain and safeguard our envi-
ronment by monitoring and solving risk factors
that may be potentially threatening the health.
Therefore, a comprehensive protection and con-
trol system must be developed, including the es-
tablishment of a groundwater monitoring system,
the delineation of critical protection zones, and
the control and elimination of sources of pol-
lution. In addition, increasing the public aware-
ness on the value and vulnerability of aquifers in
Turkey is fundamental.
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